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ByRalphH.Upson,GeorgeM. Phelps,andTung-ShengLiu

suMMARY

A methodisherebypresentedforproportioningthin-webbesmsto
attainequalstrengthofwebanduprightswhichmayinturnbe employed
towardoptimumdesignofthesecomponents.

Improvedempiricalformulasforthispurposesredevelopedandthe
resultscheckedby experimentalloadingof sixbesms.Theempirical
formulasdevelopedaresubjecttothelimitationsof theimposedcondi-
tionsofthisinvestigationandproportionsof uprightsasbroughtoutin
theexperimentalresultsandconclusions. ~

moDucTIoN

Thestrengthanalysisof incompletediagonsltension-fieldbeams
hasbeengreatlyaidedby thedevelopmentofa modifiedengineering
theorysummsrizedinreference1. Withthesimplifiedproceduresupplied
by suchananalysis,theproblematonceispresentedofhowsuchbesms
maybe proportionedforbestdesign.

Inaircraftstructuresespecially,theproblemof“optimum”design
of anygivenpsrtisofmajorimportance,thatis,theproblemofhow
thelightestpossiblestructureconsistentwithsafetymaybe designed
andbuiltfora givencombinationofloads.It iswiththisideain
mindthatthefollowingmethodof determiningtheproportionsofan
“eq@.stre@h” beamisadvancedwhichisthefirststeptowardthe
attainmentofan optimumdesign.An equal-strengthdesignisdefined
asbeingoneinwhichtheuprightsandwebofa beamapproachtheir
individualmaximumsllowablestressesatthesamevslueofbesmload,
thusresultinginmsximumutilizationof thestrengthof eachpart.

Inorderthatvariousdesignsmaybe comparedastotheir
‘efficiency,”an indexofcomparisonhasbeendevelopedwhichhasas its
basistheloadcarriedin sheerpersquareinchofeffectivewebsection.
On thebasisofthisindexa comparisoncanbemadebetweenvarious
besmsto ascertainwhichof seversldesignsisthebestforgiven
conditionsofloading.

— — — ———— -— — .——.——_—_
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Severalbeamsweredesignedby themethodsofthisreportand
testedtodeterminethereliabili~of thebasictheoryintheanalysis
ofequal-strengthbeams.

ThisinvestigationwascarriedoutattheUniversityofMinnesota
underthespmsorshipandwiththefinancialassistanceof theNational
AdvisoryCommitteeforAeronautics.

A cross-sectionalarea,squareinches

E YoungJsmodulus,ksi

I momentof inertia,inches4

P webshearforce,kips

R coefficientofedgerestraint(seeformula(7))

d spacingofuprights,inches

e distancefrommedianplaneofwebto centroidof (single)
upright,inches

h depthofbean,inches(see“Specialconibinatio~n)

k diago~-tensionfactor(seeformtia(8))

t thickness,inches(use-withoutsubscriptsignifiesthickness
ofweb)

a anglebetweenneutralaxisofbeamanddirectionofdiagonal
tension,degrees

P centroidalradiusofgyrationofcrosssectionofupright
aboutaxisparalleltoweb,inches(nosheetshouldbe
included)

a normalstress,ksi

T shearstress,ksi

Subscripts

u upright

cr critical

Ult at failure

.
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clearwidth
on single

clear

depth

depth

betweenuprights(measwedbetweenrivetlines
uprights),inches

betweenflanges,inches

ofbesmmeasuredbetweencentroidsofflanges,inches

lengthofuprightmeasuredbetweencentroidsofupright-to-
flangerivetpatterns(seecondition(6) under“Limits
ofInvestigation”),inches

theoreticalbucklingcoefficientforplateswithsimply
supportededges(fig.5(a),reference1)

“basic”allowablestressforforcedcripplingofuprights
(validforstressesbelowproportionallimitin
compressionofuprightmaterial),ksi

([

1/4
flangeflexibilityfactor0.7d 1

( )(helj )
Ic + IT t

momentof inertiaof compressionflangeaboutitsownaxis
??=’penficulartoweb

momentof inertiaoftensionflangeaboutitsownaxis
P=Pentictiwtoweb

restraintcoefficientforedgesof sheetalongflanges,equal
to1.62fortheconditionsof thisinvestigation

restraintcoefficientforedgesof sheetalongupright
(fig.s(b),reference1)

seeeqution(1)
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and

As showninreference1,a beamdesignmaybe expressedlargely
functionofthedimensionlessratios~ el~~ %/t, ‘/’cr,(d/h)c,

%/t. Becauseofthelimitedapplicabilityofthedatainref-
erence-landtheneed
possible,a numberof
extentandconditions
as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

oe3<(d/h)c

250~hJt~

1.0< &Jt.

0.1<~eltd

3.0< tf/t.

toreducethenumberofvariablesasmuchas
limitationsandassumptionsweremadeastothe
oftheinvestigationofequsll-strengthdesigns

<008.

800. (Thelowerlimitislaterraisedto ~0.)

<0,8-

% = hc = he/l.W (prel~ assumption).

Flange-to-webriveting:

(a) Webrivetbetweencapangles

(b) Webrivetto outsideoflegof capangleswithatleast
a doublerowofrivets,withheavywashersbetweentherivethead
and

(8)

(9)
E =10.6

theweb

Singleuprights,normaltobeamaxis,riveteddirectlytoweb.

Webmaterialof al.clad75S-T6aluminumaKloywith
x 106 psi.

(10)Uprightmaterialofaluminumslloywith E = 10.6X 106pSi;
inbesmtests,24s-T4aluminmnslloywasused.

(11)Flangeswerestiffenoughto avoidappreciableconcentration
ofwebstress;thatis, C2= O. (Inthebesmstested,61JS-T6
aluminum-alloyangleswereusedbutno specialmaterialisimplicit
intheformulas.)

Limitations(1),(2),(k),(6),and(8)werenecessarytoreducethe
numberofvsriablesandtorestrictinvestigationstodimensions
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c

.

consistentwiththelimitationsimposedonthedatainreference1.
Limitation(3)wasnecessitatedby thefactthatthetypeof support
giventhewebby singleuprightswithratiosof tu/t lessthan1.2,

as determinedempiricallyandpresentedinreference1,page18,is
extremelydoubtful.

Limitations(5),(7),and(8)weremadeprimarilytoreducethe
numberofvariables,andinsodoinggaina fixedknownty_peof support
attheedgesofthewebina panel.

Limitation(9)determinestheshearstrengthpropertiesoftheweb
whichmustbe knowninorderthattheproperrelationshipsbe@eenthe
designvariablesmaybe determined.

Thetwolimitations(10)and(n), incommonwithmostofthe
conditions,areinkeepingwithgeneralaircraftpracticesandknown
goodresults.Thelatterlimitationwasadoptedafteraninvestigation
;f severalpractical
suchthatthefactor

limitationwouldnot
pro~seddesigns.

besmdesignsinallofwhichthevalueof ~ was
C2 wasnegligible.Itwasdecidedthatthis

imposea restrictionofanyconsequenceonthe

THEORY

SummaryofAnalyticalEquations(Reference1)

Thebasicrequirementoftheequal-strengthdesignisthatthe
uprightandwebofthebeamapproachtheirindividualvaluesofallowable
stressatthesamevalueofbesmshearload.Thesizeofthebeamcaps
isprimarilydeterminedby thebendingmomentwhichmustbe resisted
by thebesmandisrelatedtothewebdesignonlyby theassumption
heremadethatthebendingofthecapswillbe negligibleinitseffect
onthewebstrength(seereference1,fig.13). Hencethefailureof
thecapswillnotbe consideredintheinvestigation.l%omtheequations
anddatainreference1,thebasicrelationshipsbetweenequal-strength
designparameterswillnowbe determined.

Theallowablevaluesof shearstressforbeamwebsmadeofalclad
75S-T6and24s-T4aluminumalloyaregiveninreference1, figure14,
(modifiedby reference2) asa functionofthediagonal-tension
factork andoftheedgesupportprovidedby thebeamcaps.

-,

.

_. .—..——
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Themaximumshearstressinthebeamwebisgivenby theformula
(reference1, equation(14))

(1)

where Cl isan internalstressfactorwhichallowsfortheangleof
diagonaltensioninthewebbeingdifferentfrom45°,and C2 isa

stressfactorwhichallowsforincreasedstressinthewebbecauseof
bendingoftheflangesbetweenuprights.Forthetypeandsizeof
besmflangeshereconsidered,themaximumeffectof C2 isabout

1.3 percentandisneglectedasalreadynoted.

By settingthemaximumallowablestressofthewebequal

andputtingC2 equaltozero,equation(1)ismodifiedto

‘Sll= ( )
Tl+kcl

to Tall)

(2)

At a maximumvalueofbeamloaditisfurtherassumedthatthe
nmximumstressintheuprightsisapproachingitsmaximumallowable
valueatwhichfailureoccurs.In thecaseofbeamswithsingleuprights,
the“basic”allowablestressforforcedmipplingofthestiffener,
assumingperfectlyelasticuprightmaterial,isgivenby theempirical
equation(reference1,formula(13 a))

(3)

forvaluesof k lessthan0.5,aneffectivevalueof k mustbe used
informula(3)asdeterminedby theexpression(reference1,
formula(13c))

~ = 0.15+ O.?-k (4)

Themaximumvalueof stresswhichoccursintheuprightat (ornear)
theneutrslaxisofthebeamisgivenbytheformula(reference1,
formula(n))

(5)

.

.
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An empiricalformulagivingthesameratiointermsofbeamdesign
parametersis

Uuux
—= 1.775- 0.646(1- k)(d/h)u- 0.775k
%

7

(6)

where au istheaverageuprightstress.For

thevalueof U. is setequalto au-j thus

withtheotherdesignvariables.

equal-strengthdesign

relatingtheratio ~~

Thevariationof u Tu/ J k>~efid,and T}
cr,whichdeterminesthe

valueof k, thediagonaltensionfactor,isgiveninfigure8,reference1.

Thecriticalbucklingstressof thewebin shearmaybe determined
by thefollowingformulafoundinreference1 (formula(7)).

(7)

Theempiricalexpressionfor k givenasformula(5)inreference1
canbe reducedtothefollowingform,readilycalculatedby useof a
log-logsliderule,andis identicaltotheoriginalexpressionfor k,

(8)

It isnowpossibleto determinetherelationshipsbetweenthevarious
thin-web-beamdesignparametersby utilizingtheformulasjustdetermined
andtheempiricaldatapresentedinthegraphsofreference1.

.

CriterionofBeamEfficiency
.

indexofcomparisonusedhereinisbasedon theloadc=ried
persquareinchofeffectivewebsection.Theeffectiveweb

The
in shear
sectionin shearisdefinedas

(9)

c

.

.— .— ——.——. ———.— .—. — ———-———.---—–—.——
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Theloadatfailureofthebeamis

The shearstress
in shearisnow

Pdt =

atfailurebased

‘dt het

on the“effective

Pult
‘e’—=Ae ‘tit[001%1Au

l+~G

A briefstudyofformula(10)indicatesthata
isindicativeof a highvalueofbeamefficiencyin

NACATN 2548

area”oftheweb

(lo)

highvalueof Te
the~enseofthis

report,ontheassumptionthatthematerialthroughoutiS~~num ~loY
of standarddensity.Shouldtheuprightsofa beambe madeof different

()()
densitymaterial,theterm 3 Au inthedenominatormustbemulti-

~G
pliedby theratio IWu W.~ whem Wu isthedensityoftheupright
materialand w = W. isthedensityofthewebmaterial(standard).
Ifthewebmaterialisalsononstandard,the1 inthede~-ator must
be replacedby Wlwo foranycomparisonswithbeamsofothermaterial.

RESULTSANDDISCUSSIONOFCALCULATIONSFROMTEEORY

A setofequsl-stiengthproportionsforthin-webbeamswasdeter-
minedby followingtheproceduregivenintheappendixwhileatthe
sametimekeepingwithinthelimitationspreviouslyset.

/BY plottix AU td againsttit itwasfoundthatonesimple

emptiicsl“eqxation_couldrepresenttheaveragecurveofthesevariables
betweenlimitsof 400~ ~/t~ 800andO.4~ (d/h)c~0.8. Equation(1-l-)
givenbelowisthefinalformoftheaveragecurvereferredtoabove.

—— .

he 1.16—=— -

J’V
0.28

td
(U.)
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Figure1 presentsa
representingthemaximum

9

plotofequation(lJ_)togetherwithtwocurves
andminimumcalculatedvaluesofthedesign

variablesasgivenintableI. Vsluesof &~td and ~/t for-

hc t < M“ and (d/h)c< 0.4 wereomittedfromconsiderationinthe

determinationofthecurvesinfigure1 becauseof theirscatterand
alsobecausetheywerebeyondtherangeofprobablebestdesign.

A graphicsummsryofthecomputationsintableI isgiveninfigure2
forthedimensionlessdesignparametersAuetd and tut which

I f
clearlyshowsthescatterforvaluesof ~/t < MO and (d/h)c< 0.4.

Theuniformvariationofthesecurvesis interestingto notebut
thedatainthemwereexcludedfromfurtherconsiderationforthereason
previouslystatedandslsobecauseofthedoubtconcerningtheapplication
ofdatacontainedinreference1 totheselowerlimitsofdesign
parameters.

It isbelievedthattheapplicationofthemore-completedata
containedinreference2 tothedesignofequal-strength-webbeamswill
resultintheestablishmentof @roved curvesforvaluesof
he/t< 400 and (d/h)c< 0.4.

Itwasalsofoundthatthenominslvalueofwebshears@essat
failurewasrelativelyconstantwithvarying&e td fora givenvalue

/
of (d/h)cand >/t intherangeofvariablesinvestigated.The

averagevaluesofwebshearstressatfailurearepIottedinfigures3(a)
and3(b)andmaybe representedby thefOllOWingempiricalequation

T~t = ,*,,+ 6.6(#3~+(+)-J (M)

Theeffectof anarbitraryvalueof C2 = 0.04 upontheequal-

strengthproportionspreviouslygivenwasinvestigatedandfoundtobe
negligible.Theonlyappreciableeffectwastoreducethecomputed
uprightstresscruapproxhuately2 to 4 percent(seetableI and
fig.4).

As notedinreference1,theproblemof“column”ftiluresinsi@e
uprightshasnotbeeninvestigatedtoanyextent,andtestresultsare
greatlyatvariancewiththeoreticalresults.ThefollowingtwoCrite.
rionsaresuggestedforstrengthdesigninreference1:

— -. ———-—— . —.—.—— .—
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(a) Thestressau shouldbe no greaterthanthecolumnyield

stressfortheuprightmaterial

(b) Thestressat
averagestressoverthe
sllowablecolumnstress

In compliancewith

thecentroidoftheupright(whichisthe
crosssection)shouldbe nogreaterthanthe
fortheslendernessratio ~/2P

thefirstcriterionwhichaccountsforthe
uprightactingasaneccentricallyloadedcompressionmember,a propo-
rtionallimitstressof 43I&iwaschosenasthelimitingvalueof U.
intheuprights.Thiscorrespondscloselytothe-proportionallimit
stressof24s-T4aluminumalloy.Thelowerlimitsofapplicationof
formula(I-1)determinedlytheabovelimitationsare@ven belowinthe
table.Iftheuprightstressisgreaterthantheproportionallimit,
theproceduregiveninreference1,page13,mustbe utilized.

(d/h)c

0.4
.5
.6

:;

%eltd
he/t= 400I /hct=600 c/ht=800

0.10 0.16 0.22
.10 .19 .24
.12 .21 .26
.14 .22 .27
.17 .24 .29

Thesecondcriteriongivenaboveisanattempttotakeinto
accounta full-wavetypeofbucklingfailurethathasbeenobservedin
veryslenderuprightsbyNACA.

PROCEDUREFORE~AL-STRENGTHDESIGNOFA TEIN-WEBBEAM

Thedesignofa typicalstiffenedthin-webbeammaybe divided
intofourparts:

(1) Webdesign

(2) Uprightdesign

(4) Rivetattachmentdesign
.

Eachpartwillbebrieflydiscussedas itrelatestoequal-strengthdesign.
Seetheappendixformoredetailedsteps.

———. —.-
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WebDesign.

A methodispresentedwhichwillgiveanapproximationtotheweb
thicknessveryquickly.Firstthedatacontainedinfigure3(a)sre
approximatedby a simplestraight-lineequationas

( 1)Ttit= 32.00- 0.0045hc t (13)

A randomchoiceofreasonablevaluesof Tdt and hc t fromfigure3(a)/
wasmadetoobtaintheconstantsinformula(13).By utilizingcon-
dition(6) under“LhitsofInvestigation”andalsothedefinition
of ‘liltas

formula(13) maybe

‘lilt =

manipulatedinto

Pult

(Pult +t = 0.031 —
k

Aftera prelhinaryestimateof t
formula(14),thecurvesoffigure3 or

thefollowingform

0.0043he)
(14)

hasbeenmadeby utilizing
formula(12)shouldbe usedto

obtainfinalestimatesofthewebthickness.

It shouldbe notedthat Pdt in a taperedbeamrepresentsnot
thetotslshearbutthenetshearcsrriedby theweb. Whena valueof
(d/h)cisfinallychosen,thestrengthof thewebshouldbe checked
onfigure3 tobe surethatitis sufficientlyhigh.As statedPre-
viously,theultimateshearstrengthofthewebwasfoundtobe relatively
independentofa variationin /Auetd ata givenvalueof (d/h)c

/
and h=t.

UprightDesign

Theproblemofuprightdesignliesintheselectionofanupright
form,size,andspacingwhichwillfulfilltherequirementsas set
forthbyformula(11).Sinceseveraltypesofuprightssreavailable
toa designer,itis simpletodesignseveralbeamsandcomparethem
onthebasisofthecriterionsetupby formula(10).

Whena particularuprighthasbeententativelychosen,sayan
extrudedangle,andthewebthicknessdetermined,theonlyvariable

-- .—.__—— .—.—____ .— _—
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remainingunknowninformula(11)is theuprightspacingwhichmaynow .
be determined.Afterchoosingseveraluprightsam dete~~ the~
spacing(andslsocheckingthestrengthofthewebforeachpanelaspect
ratio),formula(10)mayhe utilizedtodeterminethebestcombination .

ofwebandupright.

Inbeamsinwhichthewebisoverstiengththedesignerwillwant
toreducethesizeoftheuprightinorderthatweightmaybe saved”
An approachto thistypeofdesignis suggestedbelow.

Itwillbe initisllyassumedthata webhasbeenselectedw~ch is
overstrength;thatis,themaximumshearwhichthewebmayresistinan
equal-strengthdesignisgreaterthanthemaximumloadtowhichthe
webwillbe subjected.Theproblaistodesigntheuprightsothatit
willfailasthemaximumdesignloadofthebeamisreached.Themethod
givenbelowfirstdeterminestheuprightwhichisnecessaryforthe
givenwebasanequal-strengthdesign,andthenreducestheupright
areawhilemaintainingthesameuprightthicknessandspacing.

(1) Determineanuprightspacingandsizewhichwillbe ofsuffi-
cientsizetofozmanequal-strengthdesignin conjunctionwiththeweb
previouslyassumedtohavebeendesigned.

(2) FromthecalculationsgivenintableI itispossibleto
determinethecriticalbucklingstress fortheweb.‘Cr Sinceonly

theareaoftheuprightisgoingtobe cbnged,theval-ueof Tcr
willnotbe affected,providedtheratios

/
tut and (d/h)cfrom

step(1)aremaintained.

(3) Det@ne theratio T ‘Cr,where T ~~ nowbe c~ctiated/
onthebasisofthedesignwebshearandwillbe lessthan 7~t
forthewebasgiveninfigure3(a).ThequantityT.. isobtained

fromstep

(4)

/Of T Tm

(5)

(2).-

Calculatethediagonaltension
fromstep(3).

Calculatethestressu. from

u

factork usingthevalueof

formulas(3) and(4).Use

/
the valuesof ~ t and k fransteps(1)and(4),respectively

(6) Calculatetheratio %aX J‘~ fromformtia(6). Use (d/h)c

and k fromsteps(1)and(4),respectively.
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(7) ThevaluesU. and au- areassumedtobe equslatfailure

oftheupright,hencetheuprightstressUu “maybe calculatedas

.-%--% “a~/%1

(8J TheV~lJeof au~ is calcfiatedfromthevaluesobtained

in steps(3)and(7).

(9) Thev~ues of T Tcr and au/T arenowlmownforthefinal/
designofthebeamfromsteps(3)and(8). Thevalueof &/td w
be determinedfromthediagonal-tensionanalysischarts,figures8
and9 ofreference1,orfromformula(lJ-).

(10)Theuprightmustnowbe designedsothattheabovevalueof
Aue/tdis satisfiedwhileretainingthevaluesof (d/h)cand kit
fromstep(l). Seealsothelimitationsh thesectionentitled“Results
andDiscussionofCalculationsfromTheory.”

Thisproceduremaybe repeatedseveraltimesandthevariousdesigns
soobtainedmaythenbe comparedthroughtheuseofformula(10)to
determinethebestdesign.

A briefinvestigationofbeams4 and5 indicatesthatsavingsin
total.beamweight(exclusiveofflangesor caps)of approximatelythe
sameorderofmagnitudeasthedecreaseinbeamstrengthmaybe expected
fromtheuseofthemethodgivenabove;thatis,fora decreaseinulti-
mateloadof (say)20percentfromthemaximumvaluefora givenweb,
anuprightmaybe designedwhichwillresultina reductionofbeamweight
of approximately20percentalso.Theresultsoftheinvestigationof
beams4and5are summarizedintcibleII.

CapDesign

As previouslynoteditisbelievedthatthesizeofthebeamcaps
willbe determinedprharilyby thebendingmomentwhichmustbe
resistedby thebeam. A lowerlimitofthesizeofthecapsmaybe
establishedtentativelyasa resultof theinvestigationoftheeffect
ofthestressconcentrationfactorC2 upone@-stre@h design

proportions.Sincea valueof C2 = 0.04 wasfoundtohavenegligible

effectuponcomputeddesignproportions,itwaspossibleto selecta
maximumvalueof md of1.68tentatively(seefig.13,reference1).
If equalmomentsofinertiaoftopandbottombesmcapscanbeassumed,
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thenthevalueofthemomentofinertiaof oneofthecapsaboutits
latersl@s normalto thewebmaybe expressedfromfigure13 inrefer-
ence1 as

# .

&=o.01507k 4inches
\/t

.

(15)

RivetDesign

Thev=iousrivetdesignsmust,ofcourse,agreewiththelimita-
tionshposedonthisinvestigation.A suggestedmethodwhichappesrs
tobe satisfactoryfordeterminingspacingandsimilardimensionsis
giveninreference1.

TFSTSPECIMENS

Thetests~cimenswereconstructedofaluminumslloyusing
75s-T6slcladforthewebs,24s-T4fortheuprights,and61S-T6angles
forthecaps.Theratioofwebdepthtowebthiclmesswasapproximately
~5 forallbeams,andtheratiosofuprightspacingtowebdepthwere
0.8,0.6,and0.4. Onlysingle-uprightbesmsweretested.Beam6 was
identicsltobeam2 withtheexceptionthattheedgeoftheattached
legoftheuprightwasbentup (seefig.5). Thepurposein doingthis
wastoprovidebettersupportforthewebthroughtheuseof anupright
whichwouldbetterresisttheactionofthewebwrinklesinforcingthe
bucklingoftheattachedlegoftheupright.

Alluprightswereanglesformedfran24s-T4aluminumhavingthick-
nessesof0.091and0.051inchandhadequal-lengthlegs.Theradiusof
curvatureofallbendswasapproxhatelyfivetimestheuprightthickness.
Forthesimplecaseofanequal-leg90°angleformedfromaluminumsheet
whichwasusedinthisseriesoftests,itwaspossibletoex_&messthe
p~sicalpropertiesofthecrosssection(areaandmomentof inertia)
inrelativelystipleanalfiicslformulasfromwhichweredeterminedthe
dimensionsofanuprightnecessarytofulfilJ-a setofgivenconditions

(
previouslydetermineduprightthickness,A

%’ )
and d .c

Thetestbeamsweredesignedtomeetthespecificationsdeveloped
intheprevioussectionofthisreportforequal-strengthbeams.In
determiningtheabove-mentionedratiosofuprightspacingtowebdepth
(panelaspectratio),thevalueof ~ wasempiricallycanputedas

hc = 4/1.05
whereforallbesms ~ is15 inches.

—

.

- —... —
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Duringconstructionofthebeams,thevalueof hc wasfoundto
be u.96 inches,insteadof14.28inchesasindicatedby theabove
empiricslformula.Tomaintainthedesignvaluesofpanelaspectratio,
itwasdecidedtodecreasetheuprightspacingwhileretainingthe
uprightdimensionsalreadycalculatedforthelargeruprightspacings
basedon hc of14.28inches,thusincreasingthevaluesof Au td

I
and &e/td abovethedesignvalues.Theincreasein ~eltd varied

between4 and9 percentforthedifferentbeams.Thischangeresulted
inthecalculatedstrengthoftheuprightsbeingslightlygreaterthan
thatofthewebexceptinginbesm6. However,thepredictedstrengths
of a beamas determinedby webanduprightfailuredidnotdifferby
appreciableamountsdespitethechangeindesignnotedabove.The
maximumdifferenceinthetwocomputedvaluesoffailingloadforany
onebeamwasapproximately7 percentandwentaslowas approximately
1 percent,forspecimens1 to5.

Nominaldimensionsofthebeamsanduprightsareshownin figures5
and6. ThepropertiesofeachbeamaregivenintableIII. Nominal
dimensionsofwebaniuprightthicknesswereusedintheanalysisof
allbeams.

Thespecimensweretestedas simplysupportedbeamswithnolateral
flangesupport,as showninfigure7. Ineffect,thereweretwoshear
testpanelsineachbeam,eacha rectangleabout31incheslonglocated
midwaybetweenthecenterandtip(seefigs.6 and7).

TESTPROCEDURE

Stressesintheuprightsweredeterminedlymeasuringthestrains
withresistance-typewirestraingagesmountedinpairsat several
stationsontheoutstandinglegsoftheuprights(fig.6). Localstrains
weremeasuredtoanaccuracyof fipercentby thestiaingages,and
loa& weremeasuredto anaccuracyofapproximatelyH percentby the
manuallyoperatedbeambalanceofthetestingmachine.

Severaltestrunsweremadeoneachbeamuntilrepeatablestrain
measurementswereobtained.Carewastakentokeepalldesignstresses
belowtheproportionallimitstressofthebeammaterial.Beamswere
testedtofailureusingloadincrementsof 6000pounds.

—. -. -—. - .—.— -._.—._—...— .—————– . —.—— .. . . —-———
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RESUZTSANDDISCUSSIONOFTESTS .

TheresultsoftheinvestigationsreshownintableIV. lkperiment~
andpredictedloadsat failuresrerecorded.Thefailuresinallcases
ultimatelyconsistedofrupturedwebsandresultantdistortionofthe
uprights.Inbesms2 and4 a distinct“waving”of theattachedlegof
theuprightwasapparentbeforefailureof thewebofthebeam,andit
ispossiblethattheforcedcripplingoftheattachedlegoftheupright
resultedina concentrationofloadintheweb,withresultantrupturing
of theweb. Theorderofeventsisimpossibletodetermine,however,
becauseofthesuddennessoffailure.Afterfailureofthebeam,the
wrinklingofthewebthroughtheuprightswasobvious(figs.8 to10).
However,thethickeruprightswereonlyslightlydefomnedby thewrinkles
intheweb,althoughafterfailureofthewebtheuprightstendedto
rotateandbend(figs.Xland12).

Inmanycasestherewasevidenceof Sheaz-failurealongtherivet
linesofweb-to-flangeandweb-to-uprightattachment(figs.11 and12)
butitisbelievedthatthiswasa resultratherthana causeofthe
initislfailureoftheweb.

Theactualandpredictedvsriationofuprightstressau maybe
foundinfigure13. Thepredictedstressesagreedquitewellwiththe
valuesdeterminedfromthetests.Inbeam2 themeasuredlocalstresses
intheuprightsshowa nettensionvalueinsteadofa netcompression
valueaswouldbe expected(fig.7). It isbelievedthatthisisdue
to aninsufficientnumberof straingagesontheupright.A similar
tendencymaybe notedintheuprightstresscurveforbeam1,figure5.
Followingthetestingofbeams1 and2 thenuniberof straingagesqn
eachuprightwasincreasedandconsequentlymoreconsistentdatawere
obtainedasevidencedby theuprightstresscurvesforthelastfour
beamstestedandshowninfigure5.

Besm6 wasconstructedto showtheeffectofa buckle-resistant
attacheduprightlegina beamotherwisesimilartobeam2. Theresults
givenintableIV showthatwhilethepredictedstrengthofbeam6
decreased,theactuslstrengthofthebeamincreasedconsiderably.The
ultimatefailureofthisbeamoccurredasa webrupturewithdistinct
wavir.goftheattachedlegoftheupright,butthewavingwasnotnearly
sosevereastheoutrightbucklingoftheattachedlegoftheplain
equal-angleuprightusedinbeam2 (figs.8 and10).

.

—.

Fromtheresultsofthetestsconducteditappearsthatthemethod
ofanslysisofreference1 isconservativewhenappliedto equal-strength
designsprovidedtheuprightsdonothavelongattachedlegswhichmay
be outsidetherangecoveredby availabletestdata.Thatsuchetireme

..—_. . . .
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proportionsmaybe undulysusceptibleto edgefailureby forcedcrippling
duetotheactionof thewrinklesofthewebontheattachedlegofthe
uprightis suggestedby thetestsonbeams2 and6. Thiseffectis
probablymorenoticeableincaseswheretheuprightthicknessisonly
slightlyseaterthanthewebthickness.Also,thelowratioofult~te
loadtopredictedloadforbeam4 (seetableTV)seemsto strengthenthe
abovesuppositioninasmuchasbeam4 hasthehighestvalueoftheratio
ofuprightattachedleglengthtothickness.Thecharacteristicsof
beam2 wereconsiderablyimprovedby simplyturningup a smallportion
oftheedgeoftheattachedlegof thestiffenerandthusprovidingthe
attached
wrinkles

The
ofbeams
provided
sidethe

The

legwithmoresupporttoresisttheactionofthewebinforming
(seebeam6 intableIV).

CONCLUSIONS

methodof analysisofRACATN 1364isapplicableto thedesign
ofapproximatelyequslstrengthinthe”uprightsandwebs,
theuprigh~sdo nothavelongattachedlegswhichmaybe out-
rangecoveredby availabletestdata.

empiricalequationsdevelopedinthefirstpartofthepresent
reportareconservativewhenusedinthedesignofthin-webbeamswithin
thelimitsnotedabove.

Universi@ofMinnesota
Minneapolis,Minn.,June1, 1950
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APmIx

CALCULATIONOFEQUAL-STRENGTHBEAMDESIGNPROPORTIONS

Theprocedureutilizedto calculatethepsrameterratiosofvarious
equal-strengthbeamdesignsinvolvesnumeroustrial-and-errorcalcula-
tions. Thevariousstepswill.be enumeratedbelow.It shouldbe noted.
thatasa resultoflimitation(7)under“Limitsof Investigation”the
VdUe Of Rd is constantat1.62.Thestepsinthedesignprocedureare
as follows:

(1) Selectan initialsetofvaluesfor (d/h)~,~/t, and /Auetd.“
Thesewillbe constantforonecompletesetof calculations.

(2) DetermineKa8

thevslueof TBSYwhere

(3) Cdcdate Tcr

fromfigure5(a),reference1, andcalculate

‘SS‘KSS E (@c)2
.

fromformula(7) afterassumingan initial
valuefor Rh. Tora firstchoice,ususllyassumethat ~/t isgreater .
than3.0,when Rh = 1.31(fig.5(b),reference1). As Statedpmvhusly,
Rd hasa constantvalueof1.62fortheconditionsofthisinvestigation.

(k) Estimatea preliminaryvalueof ‘/Tcrandutilizeeither
figure8 or9,reference1,to determinetheratioof

/

ISUIT.An
approximatevalueof T 7m maybe obtainedby dividing31,000by the

valueof Tcr calculatedin step(3).

(5) Calculatethediagonaltensionfactork usingformula(8)
andthevalueof T/Tin assumedin step(4).

(6) FromfiguresH and12,reference1,thevalueof tanu
andsubsequentlytheshear-stressconcentrationfactorCl maybe
determined.

(7) Calculatethevalueof T- as

‘== (Tfic)(TJ(l+J%)
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(8) Determinethevslueof ‘~1 as a functionofthediagonal
tensionfactork fromfigure14(b),reference1. If thevalueof T_

fromstep(7)doesnotagreewith TaU thusfound,thentheabove

processmustberepeatedbeginningwithstep(4)andusinga suitably
/revisedestimateoftheratio T T~r untila goodagreementisfinsll.y

obtainedbetweenthestresses‘all and Tmax” Agreementtowithin

100psiisascloseas iswarrantedby thefiguresbeingutilized.

stres~9)Ass~w t~t step(8)iScompletedsatisfactorily,theupright
au maynowbe computedfromdatain steps(3)and(4)as

au =

(10) Computetheratio

determineau-“

(11)To determine

Thenutilizingformula

then

(au/T)~Pcr)Tcr

‘%X /
au fromformula(6), andthen

as= (k/%)%

theratio t..ltlet u be equalto Uo.

be obtained:(3) , th follwing may

%nax=‘O=28km

Use ke,formula(4),if k islessthanO.7.

(I-2)Thevalueof ~/t obtainedfraastep(I-1)mustnowagree
withthevalueof ~/t ~orrespondingto thevslueof Rh assumed

instep(3). If thisisnottrue,thentheentirepreviousprocedure
mustbe repeatedbegimng withstep(3)witha suitablyrevisedestimate
ofthevalueof

%“
Itwasfoundthataftersomeexperiencetwoorthreeestimates

resultedinanswerswhichwereasaccurateas couldbe expectedfrom
thegraphsemployed.

——— -—. —... -——. .—
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Thesestepswererepeatedforei@t v~ues of &e/td v-=
from0.1to0.8in stepsof0.1whilemaintaining(d/h)c~d hc tI
at constantvalues.Eventually(d/h)c /and hc t werealsovaried

separatelyandinallccmibinationsforthefollowingvaluesastabulated
intableI:

(d/h)c= 0.3,0.4,0.5,0.6,0.7,0.8

~lt = 250,400,600,800

.

—.——
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TABLEI.-TEIN-WEB-BEAMCAU!UMTIONSFOR

EQUAL-STRENGTHDESIGNS

(a)Co = O

()“d1= %
z-

hc
T

Am
td (% u~

T (L!i)
T k
1-cr

0.196
.196
.199
.2o4
.210
.220

4.60
3.18
2.46
1.95
1.69
1.41

0.3

0.3

250 0.1
.2
.3
.4

:2

13.700
13.720
13.400
13.200
12.6oo
12.000

5.360
5.360
5.360
5.320
5.240
5.040
4.840
4.670

2.45
2.45
2.54
2.58
2.67
2.E?a

0.350
.290
.264
.230
.220
.207

17.230
14.310
13.180
11.460
10.&lo
10.120 .

400 5,90
5.90
5.90
5.96
6.08
6.30
6.53
6.78

0.730
.600
.515
.455
.410
.370
.345
.325

1.120
.9’00
.760
.657
.580
.520
.480
.446

0.367
.367
.367
.368
.372
● 379
.386
.393

O.mo
.ml
.502
.502
.n5
.509
.516
.520

31.600
26.000
22.300
19.750
17.820
15.980
14.800
13.920

43.400
35.100
29.800
25.870
22.850
20.350
18.720
17.370

7.74
5.25
3.86
3.00
2.41
1.89
1.58
1.38

:.6$

4:49
3.38
2.61
2.o4
1.68
1.42

9.74
6.18
4.36
3.20
2.50
1.94
1.60
1.32

0.1
.2
.3
.4
●5
.6
.7
.8

6000.3

0.3

0.1
.2
.3
.4
.5
.6
.7
.8

2.380
2.380
2.380
2.380
2.355
2.295
2.185
2.w5

1.340
1.340
1.340
1.340
1.310
1.275
1.212
1.158

L2.60
L2.70
L2.78
L2.82
L3.00
L3.25
L3.93
L4.29

800 1.407
1..115
.932
.800
.710
.630
.577
.535

0.385
.585
.585
.588
.590
.594
● 599
.608

0.1
.2
.3
.4

:2
.7
.8

J1.90
;2 .00
22.10
Z2.15
22.70
?3.30
?4.55
?5.70

51.100
40.700
34.2oo
29.400
26.100
23.lW
21.200
19.550

—.— .—
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TABLEI.-THIN-WEB-BEAMCALCULATIONSFOR

E@AL-STRENGTHDESIGNS- Continued

(a)C2 =0 - Continued

h
td

Tcr
(hi)

‘O
(ksi)

T
k‘cr

3.4 8.100
8.100
8.1(xI
8.000
7.710
7.390
7.150
6.830

4.02
4.o2
4.02
4.07

:%
4.53
4.71

0.556
.462
.400
● 355
.325
.300
.280
.265

24.8cx)
20.600
17.800
16.000
14.400
13.220
L2.300
U. 500

250 0.1
.2
●3
.4
.5
.6
.7
.8

0.293
.293
.293
.296
.303
.311
.3L6
.324

6.99
4.64
3.41
2.60
2.o8
1.66
1.40
1.18

4003.4 0.1
.2
.3
.4

:2
.7
.8

3.160
3.16i)
3.16a
3.l@
3.090
2.99
2.875
2.7b

9.67
9.70
9.76
9.78
9.98

10.32
lo. ~
11.20

0.978
.000
.675
.581
.522
.470
.436
.405

0.456
.457
.457
:g;

.466

.473

.480

38.270
31.400
26.600
22.950
20.600
18.480
17.08!)
15.900

8.50
5.69
4.08
3.03
2.41
1.93
1.61
1.36

).4 600 1.407
1.407
1.407
1.407
1.375
1.318
1.268
1.210

20.83
20.97
21.05
21.10
21.60
22.60
23.45
24.6Q

1.382
1.095
.g20
.790
.695
.622
.570
.530

49.300
39● 300
33.150
28.550
25.100
22.500
20.500
19.070

57.900
45.000
37.400
31.750
28.BO
25.000
22.500
20.75Q

0.1
.2
.3
.4
.5
.6
.7
.8

0.577
.578
.579
.580
.583
.588
● 595
.6Q0

9.30
5.90
4.18
3.08
2.36
1.87
1.52
1.29

0.4 800 36.10
36.b
36.70
36.8a
37.60
39.40
41.60
43.70

0.1
.2

::
.5
.6
.7
.8

0.791
.791
.791
.791
.775
.743
.702
.669

1.715
1.322
1.og2

● 925
.820
.730
.658
.608

0.651
.652
.654
.655
.655
.663
.669
.675

10.10
6.06
4.18
3.00
2.36
1.82
1.44
1.21

——
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TABLEI.- mm-wEB-BEAMcAIXmm’IONSFOR

EQUAL-STRENGTHDESIGNS- Continued

(a)C2 = O - Continued

h=

t

AW

t-d

60
(kEi)()dcc ‘%

F

0.723
. ~o
.512
.452
.406
.370
.346
.327

1.168
.942
.792

:6%
.545
.504
.468

-r
k

‘cr

5.480
5.480
sew
5.420
5.290
5.030
4.86!)
4.660

0.364
.364
.364
.365
.372
● 379
.385
.392

0.516
.518
.518
.518
.523
.529
.535
.541

6.80
4.37
3.41
2.65
2.10
1.66
1.41
1.23

0.5

0.5

250 0.1
.2
.3
.4
.5
.6
.7
.8

5.79
5.80
5.80
5.85
6.03
6.29
6.h9
6.76

29.500
23.700
20.950
18.470
M.650
15.000
13.940
13.130

42.600
34.500
29.100
25.100
22.400
20.000
18.480
17.100

53.900
42.300
35.500
30.750
27.000
23.900
21.700
19.730

8.66
5.66
4.02
3.00
2.34
1.83
1.52
1.27

400 2.140
2.140
2.140
2.140
2.100
2.015
1.923
1.840

14.00
14.05
14.10
14:15
14.48
15.02
15.74
16.45

30.20
30.45
30.75
30.80
31.70
32.90
34.55
37.00

0.1
.2
.3
.4
.5
.6
.7
.8

.

0.630
.630
.630
.632
.632
.640
.646
.655

600

800

0.1
.2
●3
.4
.5
.6
.7
.8

0.1
.2
.3
.4

:2
.7
.8

0.952
.952
.952
.952
.928
.892
.850
.794

1.605
1.250
1.038
.892
.780
.700
.632
.581

9.30
5.75
4.05
2.98
2.33
1.78
1.44
1.16

0.5

0.696
.697
.697
.700
.702
.708
.714
.720

60.900
47.400
38.700
33.1X
28.950
25.900
23.300
21.4oo

9.76
5.88
3.92
2.86
2.16
1.71
1.36
1.13

0.535
● 535
.535
.534
.519
.496
.470
.441

52.40
53.00
53.20
53.70
55.50
58.oo
61.40
65.b

1.910
1.470
1.196
1.017
.885
● 795
.716
.658-

0.5

——.—
.
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TABLEI.-THIN-WEB-BEAMCALCULATIONSFOR

EQUAL-STRENGTHDESIGNS- Continued

.

.

.

(a)C2=0 - Continued

()dxc hc
T

&e
td

T

(:s2)
T
‘cr

a.
(ksi)

k

0.6 250 0.1
.2
.3
.4
.5
.6
.7
.8

4.000
4.000
4.000
3● 950
3.855
3.710
3.580
3● 390

7.77
7.77
7.77
7.90
8.10
8.40
8.70
9.12

0.870
.710
.6(x)
.520
.480
.430
.400
● 373

0.417
.417
.417
.420
.425
.429
.437
.446

33.100
27.100
22.900
19.900
18.3m
16.400
15.200
14.on

7.20
4.80
3.44
2.56
2.14
1.70
1.44
1.18

9.6 400 18.65
18.85
18.90
19.04
19.55
20.40
21.20
22.30

40.50
41.00
41.30
41.60
42.50
44.70
47.20
50.00

0.561
.562
.564
.564
.569
.574
.580
.587

0.665
.666
.669
.670
.672
.677
.683
.690

45.400
36.800
30.700
26.450
23.550
Z1.ooi)
19.300
17.820

0.1
.2

:;
.5
.6
.7
.8

2.200
2.200
2.200
1.565
1.528
1.465
1.409
1.340

I..320
1.053
.883
.76Q
.676
.603
● 555
.514

8.31
5.40
3.78
2.82
2.18
1.71
1.41
1.17

9.43
5.64
3.86
2.74
2.21
1.69
1.36
1.13

3.6 600

800

0.1
.2

:;

:2
.7
.8

0.700
.700
.700
.695
.681
.651
.618
.584

1.785
1.364
1.130

● 953
.857
.752
.679
.626

57.150
44.300
36.800
31.050
28.000
24.6oo
22.250
20.450

).6 0.1

:;
.4
.5
.6
.7
.8

0.394
.394
.394
.400
.379
.362
.347
.324

70.50
71.50
72.00
72.80
75.40
79.10
82.60
88.40

0.728
.728
.730
.731
.732
.739
.743
.750

63.600
49.300
40.000
34.100
29.6m
26.Mo
23.700
21.700

9.76
5.85
3.84
2.78
2.09
1.63
1.30
1.07

2.075
1.584
1.28-0
1.085
.940
.837
.752
.690

—— ..-— — .—. —
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TABLEI.-TEIN-WEB-BEAMCAICULW’IONSFOR

EQUAL-STRENGTEDESIGNS- Continued

(a)C9=0 - Continued

)(!2 k ~~ T Uu %
\h c %- td (%) ~ 7 k (Li) ~

3.7 250 0.1 3.160 9.70 0.980 0.457 35● 300 7.19
.2 3.160 9.70 .457 28.800 4.76
.3 3.160 9.74 :%5 .458 24.4oo 3:43
.4 3.Y25 9.87 .582 .459 21.100 2.56
.5 3.040 10.11 .525 .464 18.930 2.03
.6 2.930 10.50 .473 .470 17.050 1.61
.7 2.820 10.89 .438 .476 15.720 1.35
.8 2.700 u.38 .409 .484 14.650 1.15

3.7 400 0.1 1.233 23.65 1.455 0.596 48.000 8.28
.2 1.233 23.80 1.147 .596 38.000 5.20
.3 1.233 24.oo .9% .597 32.050 3.68
.4 1.233 24.20 .824 .600 27.600 2.70
.5 1.190 24.90 .725 .603 24.200 2.06
.6 1.150 25.80 .650 .608 21.720 1.63
.7 1.102 26.90 .59 .612 19.740 1.33
.8 1.022 28.95 .545 .623 18.000 1.08

3.7 600 0.1 0.548 51.20 1.898 0.693 58.500 9.10
.2 .548 51.95 1.457 .694 45.600 5.50
.3 .548 52.21 1.19 .695 37.400 3.69
.4 .545 52.85 1.012 .697 32.050 2.70
.5 .528 54.50 .883 .700 27.830 2.02
.6 .507 56.90 .790 .705 25.000 1.60

.484 59.59 .712 .710 22.500 1.28
:; .451 64.02 .653 .718 20.600 1.05

3.7 800 0.1 0.308 89.28 2.200 0.750 65.bo 9.70
.2 .308 90.33 1.680 .753 Y&0; 5.75
.3 .308 91.00 1.350 .753 3.76
.4 .307 91.70 1.140 .753 34:650 2.71
.5 .298 95.40 .980 .756 30.060 2.03
.6 .285 99.50 .870 .760 26.800 1.59
.7 .271 104.9 .780 .766 22.820 1.24
.8 .256 111.o .715 .771 21.8m 1.02

.

.
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TABLEI.-THIN-WEB-BFAMCALCUUTIONSFOR

EQUAL-STRENGTHDESIGNS- Continued

)aEc

.8

(a)C2= O - Concluded

&zi-
0.1

.2
●3
.4
●5
.6

::

(k}i)

37.800
30.850
26.000
22.5~
20.100
18.100
16.650
15.300

T

Tcr k

2.608
2.608
2.608
2.600
2.522
2.450
2.380
2.270

11.60
II. 65
11.70
11.75
12.1o
12.45
12.80
13.40

28.30
28.m
28.80
28.83
29.80
30.90
31.90
33.10

1.070
.870
.733
.633
.565
.510
.470
.435

0.489
.#g
.489
.49
.494
.499
.501
.510

7.58
5.00
3.58
2.68
2.10
1.68
1.42
1.16

400.8 0.1
.2
.3
.4
.5
.6
.7
.8

1.021
1.021
1.021
1.019
.990
.956
.925
.890

1.560
1.225
1.015
.870
.760
.6&)
.620
.580

0.620
.623_
.622
.623
.626
.630
.636
.640

50.500
40.000
33.5m
28.700
25.1~
22.300
20.400
19.050

8.50
5.30
3.70
2.72
2.06
1.60
1.32
1.13

.8 600 2.454
.454
.454
.452
.440
.425
.405
.385

61.5
62.2
62.7
63.2
65.0
67.5
71.0
74.8

106.5
108.0
109.5
11o.5
115.o
119.5
126.o
133.0

0.1
.2
.3
.4
.5
.6
.7
.8

2.000
1.530
1.240
l.o~
.915
.820
.730
.670

2.30
1.75
1.40
1.17
1.01
.89
.80
.73

0.712
.712
.715
.716
.722
.723
.729
● 733

0.767
.767
.768
.7@3
.772
.777

3.782
.786

61.000
47.200
38.600
32.800
28.500
25.600
22.800
20.900

9.40
5.60
3.72
2.67
2.00
1.60
1.25
1.06

.8 800 0.1
.2
.3
.4
.5
.6
.7
.8

3.255
.255
.255
.254
.247
.238
.227
.214

67.mo
51.900
42.000
35.300
30.800
27.100
24.5oo
22.300

9.71
5.80
3.82
2.70
2.03
1.56
1.25
1.02

— ---——.—. .—— _ . -—————— .—— —
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TABLEI.-TEUN-WEB-EEAMCALCULATIONSFOR

EQUAL-STRENGTHDESIGNS- Continued

(b)C2= 0.04

()dz=
0.3

0.3

0.3

0.3

h
id

0.1
.2
.3
.4

:2

0.1
.2

::
.5
.6

:;

0.1
.2
.3
.4

:2
.7
.8

0.1 -
.2
.3
.4
.5
.6
.7
.8

do
(ksi)1-%T4.75

T

‘Cr k

2.465
2.47
2.47
2.55
2%66
2.80

250 13.700
13.700
13.680
13.200
12.600
12.000

0.350
.29
.260
.230
.220
.207

o.lg2
.195
.195
.200
.210
.220

17.370
14.400
12.900
11.350
10.790
10.120

31.4m
25.600
21.700
19.200
17.300
15.80Q
14.400
13.500

3.25
2.56
1.96
1.68
1.41

7.63
5.12
3.65
2.88
2.30
1.82
1.50
1.31

9.20
6.10
4.30
3.20
2.54
1.97
1.62
1.36

9.25
5.85
4.2o
3.12
2.35
1.87
1.50
1.28

5.360
5.360
5.360
5.320
5.220
~.o&

4:600

5.80
5.80
5.80
5.86
6.00
6.26
6.50
6.67

0.366
.366
.366
.367
.371
.378
.385
.389

400 0.730
.600
.510
.450
.405
.370
.340
.320

600 2.3ED
2.380
2.38Q
2.380
2.350
2.260
2.165
2.080

12.40
12.50
12.51
~.52
12.70
13.20
13.70
14.33

0.498
.500
.500
.500

42.400
34.450
29.000
25.000
22.350
19.900
18.300
17.000

1.11o
.900
.755
.650
.580
.520
.480
.445

.501

.508

.514

.520

800 49.450
39.350
33.400
28.900
25.200
22.650
20.500
19.200

1.340
1.340
1.340
1.340
1.310
1.260
1.200
1.148

0.580
.582

21.30
21.45
21.60
21.70
22.20
23.10
24.30
25.40

1.390
1.100
.930
.800
.700
.630
.570
.535

.585

.585

.587
● 593
.598
.607

.- — — —._. — --—.
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TABLEI.-TEIIN-WEB-BEAMCALCULATIONSFOR
.

EQUAL-S!I!RENGTHDESIGNS- Continued

(b)Co = 0.04- Continued

TodG=
0.5

0.5

tu

3-
‘o
(ksi)

k
‘cr

5.71
5.71
5.71
5.79
5.96 ~
6.25
6.46

13.75
13.80
13.82
14.00
14.21
14.95
15.50
16.25

5.480
5.480
5.480
5.400
5.250
5.000
4.820

2.140
2.140
2.140
2.123
2.090
1.990
I. 912
1.825

0.363
.363
.363
.364
.370
.380
.385

0.515
.515
.515
.518
.520
.528
.533
.540

28.600
23.750
20.420
18.100
16.300
14.880
13.700

41.600
33.800
28.300
24.600
21.700
19.500
18.000
16.650

6.40
4.44
3.27
2.55
2.01
1.62
1.36

250 0.1
.2

:;
.5
.6
.7

0.710
.590
.508
.450
.405
.370
.345

1.163
.940
.785
.680
.600
.540
.500
.465

1.590
1.240
1.030
.883
.780
.700
.630
.580

8.33
5.50
3.85
2.90
2.25
1.75
1.45
1.22

400 0.1
.2

::
●5
.6
●7
.8

..

.

0.625
.630
.630
.630
.631
.638
.644
.655

8.85
5.45
3.77
2.80
2.19
1.70
1.33
1.09

0.5 600 0.1

::
.4

:2
.7
.8

0.952
.952
.952
.945
.922
.885
.838
.778

2g.40
29.80
29.90
30.30
31.10
32.30
34.10
36.70

52.000
41.000
34.200
29.koo
26.100
23.300
20.750
19.10Q

800 51.0
‘51.7
52.0
53.0
54.6
57.5
61.1
64.4

0.692
.693
.6g4
.697
.700
.706
.715
.720

59.000
45.600
37.400
32.100
28.000
25.200
22.650
20.550

9.20
5.50
3.71
2.70
2.o4
1.63
1.28
1.04

0.5 0.1
.2
●3
.4
.5
.6

:i

0.535
● 535
● 535
.531
.514
.490
.460
.436

l.goo
1.450
1.185
1.010
.880
.790
.712
.650

-

—.—. -—. = —. — -—.—
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TABLEI.-TEIN-WEB-BEAMCAXULATIONSFOR

EQUAL-STRENGTHDESIGNS- Concluded

(b)C2= 0.04- Concluded

()d & Aue Ta Uu $
z= %- %3- (ksi) ~ T k (~i)

0.8 250 0.1 2.608 11.40 1.070 0.483 37.100 7.30
.2 2.608 11.45 .870 .483 30.300 k.85
.3 2.608 11.5’0 .730 .485 25.500 3.44
.4 2.584 11.60 .630 .487 22.000 2.55
.5 2.522 11.89 .560 .493 19.600 2.03
.6 2.450 12.20 .510 .495 17.800 1.64
.7 2.365 12.a .470 .500 16.300 1.36
.8 2.256 13.26 .430 .506 14.950 1.12

0.8 400 0.1 l.ao 27.60 1.550 0.616 49.100 8.10
.2 l.zlo 27.90 1.220 .618 39.000 5.10
.3 l.zlo 28.00 1.015 .620 32.700 3.55
.4 1.015 28.20 .870 .620 28.000 2.61
.5 .985 29.20 .760 .623 24.550 1.99
.6 .950 30.25 .680 .628 21.900 1.66
.7 -.920 31.30 .620 .632 19.950 1.28
.8 .880 32.70 .58Q .636 18.600 1.09

0.8 600 0.1 0.454 60.00 1.980” 0.710 59.000 8.83
.2 .454 60.60 1.520 .710 45.700 5.30
.3 .454 61.20 1.240 .710 37.700 3.60
.4 .451 61.60 1.050 .712 32.0~ 2.59

.436 63.80 .915 .718 27.700 1.91
:2 .417 67.20 .820 .723 25.000 1.50
.7 .400 69.80 .730 .728 22.300 1.20
.8 .381 73.40 .670 .731 20.700 1.03

0.8 800 0.1 0.255 103.5 2.280 0.763 65.000 9.25
.2 .255 105.0 1.740 .763 50.100 5.51
.3 .255 106.5 1.4Q0 .767 40.900 3.62
.4 .252 108.1 1.170 .767 34.300 2.55
.5 .245 112.2 1.010 .770 29.900 1.93
.6 .238 U6.O .890 .775 26.WO 1.49
.7 .224 122.9 .800 .780 23.600 1.17
.8 .212 130.0 .735 .782 22..700 0.99

.

—.——
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TABLE II.- SLIMMRY OF 0VERSCR3N’GTE-WEBDESIGNS

I

I

Eeam Decreaae In ~ r-
(1) web shear = ~

(percent)

4
I

o 29.7520.8:

4d 40 17.8512.52

5 0 29.7519.3

~a u 26.2017.0

3.5TT 0.589 0.678

..558 .641, .53

.545 .688 .43

.524 .750 .35

.m .W .23

if

.566 .8P2 .414

.547 .84 .31

m
-H-56,5 0.051 1.15

VL7 .051 .913

5+
37,1 .051 .752

30.8 .Q51 .623

*

14.08 I .091.832

o I o

a I 11

34
I

18

46
I

24

69 32

0 I o

11.03 .091 .66 Z?l 9

lTk unlettered nuubers represent equal-strengthbeam as originally designed and =S=
tested (see tables IIIand IV). The letters represent design mod~tcatlons in-which only
P8.1%of the total web strength is aammed utilized .aarepreflentedby figures in the
second and third columnE.

%clusive of flange. or caps.
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TAELE III.- PRomrEs OF mm BEAMS

~em webs were O.032-in.al-clad75S-T6aluminumalloy;beamflangesweretwo
61.s-Ir6.ahmdmm-alloyextrudedangles,2 by 3 by 1/4in.,beanupri8htsWere
formed 24s-T4aluminumalloywithequal-legangle~

Beam

1

2

3

4

5

6

(%.)
14.*

14,96

14.96

14.!%

14,96

14,96

(k.)
13.57

13.57

13.57’

13,57

13.57

13,77

(i%)
12.96

12.96

12.96

12.96

12.96

E.*

10.36

5.18

5.18

7.78

7.78

3.18

Uprights
(in.)

1.57 by 0.091

2,17by 0.051

1.03by 0,091

2.88by 0.051

1.28by 0.091

(See fig. 5)

o.2b

.213

.162

.2%

.207

.213

(sqAR)

0.136

.I.23

.0754

.169

.103

.108

Aue

G-

0.409

.744

.455

.678

.414

.654

(d

1.41

.70

,70

1.06

1,06

.70

I

I

I
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()T cl’ ~~c PultBean

(ksl)
(kips)

‘“:::% & k ,,- ‘i’: p“p, ~

(ki3) (kip;) (y;)
(4)

1 1.005 32.63 33. % 33.&3 0.644 30.20 28.2o 28.15 1.16

2 2s840 30.57 31,84 11..21 ● 481 30.40 ~.40 29.60 1.04

3 3.o$m 32.68 34.04 11.02 ,477 w.84 29.!.6 29.60 1.11

4 1.427 26.15 27.24 19.10 ,565 28.70 28.70 28.60 .91

5 1.540 31..26 32.56 21.13 .580 29.kO 28.60 28.60 1.09

6 2.8ti 34.29 35.72 12.58 ,mo 28.cm 29.@ 29.60 1.22

%or upright failure.

2For web failure.

3For failure as an equal-strength beem (ace fig. 3).

4P’ is the lowest one of the predicted loads Pl, P2, or P3.

ww
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strengthdesign.0.4$ (d/h)C~Oe8;400S he/t < 800=
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(d/h)c“ O*3
.6 -

.5
\
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\ A 600
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.1 \ u

c1
‘1 2 34567

Figure2.-Summaryofcomputations
forthin-webbeamsof

800

—

—

(equation(@)

I 1

wt
of dimensionlessdesign
equal-strengbhdesign:

10 Il.

parameters
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(a) Strms plottad agatit hcit. (b) Stress plottsd against (d/h)c.

Fi~ 3.- AvBrage shear stress in web of equal-strengbhbeam at failure.
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Figure8.- Beam2 at failure.
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Figure9.- Beamb atfailure.
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FigureIll.- Beam3 atfailure.
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